Introduction
The success of the Aberdeen Symposium in June 1995 has demonstrated a strong and continuing interest in the subject of fisheries and plankton acoustics, as do the collected scientific papers in this volume. The Symposium was also an opportunity to reflect on the achievements of the past, to review current problems, and to think about the future. This note is a short overview from our personal standpoints, based on the introductory and concluding presentations we gave at the Symposium.
A brief history
The story of hydroacoustics goes back more than 50 years to the pioneering work of Oscar Sund in Norway and Ronnie Balls in England. The earliest echosounders were very limited -they could show only the presence or absence of fish. But what we call the modern era begins in the 1960s when echo counters and echo integrators were first used to determine the abundance of fish.
A good way to examine acoustical developments over the past 30 years is through the proceedings of major conferences in that period. The series began with the two Bergen conferences in 1973 and 1982. Next there was the Seattle meeting in 1987 and now the Aberdeen Symposium in 1995. Looking through the papers from these symposia, it is interesting to see how the questions being addressed have changed.
At the time of the 1973 conference in Bergen, the idea of acoustic surveying of fish populations was very new, and acoustic surveys as such did not receive much attention. There were several papers on acoustic methods in fish behaviour research, for example the use of acoustic tags attached to fish to study their movements. Probably the most important contributions at the 1973 Bergen conference were those on the target strength of fish, a subject which was not well understood at the time. In particular, there was the seminal paper by Nakken and Olsen about their experimental work on the target strength of fish. Although better techniques are now available, which can be used with live freeswimming fish, the Nakken and Olsen paper continues to appear in reference lists as a core paper in this field.
The technique of echo integration depends on the fundamental assumption that acoustic scattering by fish is a linear process. That is to say, it is assumed that the echo energy from multiple targets is the sum of the echo energies which would be received from each target in isolation. During the 1970s, there was fierce argument on the validity of the linearity principle. Some held that the distribution of fish in schools was not sufficiently random for linearity to apply, in which case the method of echo integration would not be valid. Clearly, it was important that such a fundamental assumption should be tested by experiment, but early attempts to do this failed, mainly because passive targets were used which could not replicate the conditions applying in live fish schools. Then Foote conducted a definitive experiment with live fish, showing that linearity did apply to fish densities typical of those encountered on acoustic surveys. Foote reported his linearity experiments to the second Bergen conference in 1982, and his contribution was certainly a highlight of that meeting.
Another important advance around 1980 was the development of accurate methods for calibrating echosounders and sonars. Before then, echosounders were calibrated using various methods, such as reference hydrophones, but accuracy was poor and calibration errors could be 40-50% or even worse. However, it was found that metal spheres with known acoustic properties could be used as reference targets to produce a welldefined echo which is measured to calibrate the output of the echosounder. This is called the standard target method and allows calibrations to be performed to an accuracy of about 5%. There are many other errors in acoustic abundance estimation much larger than this, so it has not been necessary to look for further improvements in the calibration technique, at least for current applications. From the time of the Bergen conference in 1982, the calibration of sonars and echosounders was no longer the major problem in fishery acoustics that it had been previously.
The Seattle conference was only five years later, but there had been rapid development in the meantime. Perhaps the most important advance in the 1980s was the introduction of dual-beam and split-beam echosounders. These instruments give direct measurements of the target strength of wild fish in their natural state, the so-called direct in situ method.
It became clear from the discussions in Seattle that there was need for new theoretical approaches to the interpretation of acoustic data from dual-beam and split-beam instruments. It was seen that a statistical approach was necessary to take account of the stochastic nature of target strength, which can vary over a large range of values even for the same size of fish and, in any case, observed fish populations are rarely of constant size so the size distribution of the ensonified fish has to be considered as an additional stochastic feature. Kieser and Ehrenberg made an important contribution to the theoretical debate with their unbiased stochastic echocounting model which was presented at the Seattle meeting. They showed that if the statistics of target strength and fish-size distributions were ignored, then fish-abundance estimates obtained with simple nonstochastic models could be seriously in error.
The Seattle meeting was also notable for the interest shown in the application of acoustic methods to new and more difficult problems in marine and freshwater science. Studies of zooplankton and freshwater fish populations received much attention which had not been the case at the earlier conferences. Exciting new developments were reported, notably the use of wideband echosounders to identify fish targets from their acoustic signature, and the geostatistical approach to the analysis of survey results was mentioned for the first time.
The present
The last few years have continued to see innovative developments in acoustic technology, in signal processing, in methods for designing acoustic surveys and for the analysis of survey results. Fish behaviour research has greatly improved our understanding of target strength and why it is a highly variable parameter. Powerful statistical techniques have been applied to improve the reliability of abundance estimates obtained from acoustic measurements.
As a result of these developments, acoustic methods have become well established in many areas of marine and freshwater investigations. Moreover, it is fair to say that hydroacoustics has matured to become a respectable measurement technique and not the black art that it once was. It is now realistic to expect that acoustic measurements will be presented with objective confidence limits, and not simply as a number whose significance none but the acoustician can understand.
All this was clearly reflected in presentations at the Aberdeen Symposium. We are no longer consumed by themes that address instrumentation problems, questions about what acoustical measurements mean, and how they relate to fish biomass estimated by other methods. The emphasis now is on survey strategies and sophisticated processing techniques for extracting information on aquatic animals and their environment. We have seen presentations on scales from individual plankton to the structure of large fish aggregations. Much of this work has an ecosystem dimension, with ancillary data on the physical environment and the food web being collected along with the usual acoustical records and fish sampling. This confirms the trend towards interdisciplinary studies in oceanography. It is also consistent with the broader view within the ICES community that understanding the interaction between physical oceanography and the food web is important to the larger problem of sustainable fisheries management.
Plankton acoustics
Although plankton have been studied acoustically for many years, the growing importance of this field is now evident. There were a large number of contributions covering both small zooplankton and micronekton, indicating a healthy and continuing interest in this discipline.
Three notable themes came out of the discussions in Aberdeen. Firstly, there is sufficient understanding of scattering from plankton to conclude that the traditional regressions used in fisheries acoustics are not adequate descriptors of the relationships between the acoustical reflectivity and the abundance, size, species, genera, and behaviour of plankton. Secondly, acoustic instruments must sample plankton with high resolution in the frequency domain and over a wide bandwidth to give useful data. Thirdly, it is clear that the complex scattered sound field of plankton contains information which, if properly understood, could lead to useful estimates of abundance and other biophysical parameters. In some instances at least, the classification of targets could be much improved through the combination of acoustical data with information on the environment and animal behaviour.
The Acoustic Doppler Current Profiler (ADCP)
An important contribution confirmed the view that exceptional care is needed when correcting for instrument artifacts and variability, in the course of converting ADCP backscattering results to distributions of biomass. Several investigators have suggested that useful data on the distribution of plankton, micronekton, and mesopelagic fishes may be obtained with the ADCP, but the effort to make the necessary corrections is far from trivial. The analysis of ADCP backscattering data must take account of the fact that the observations represent combined effects of changes in abundance and changes in size. It remains to be seen whether this complication in interpreting ADCP data will allow useful estimates of plankton or micronekton biomass.
Applications in limnology
It is refreshing to note that the use of acoustical methods in limnology is maturing rapidly. Presentations at the Symposium have described sophisticated ecosystem studies which apply acoustics as an established tool rather than an overwhelming effort in itself. As this is a relatively young discipline, it is encouraging to find that most of the active participants are not still struggling with the kind of instrumentation issues that so dominated marine fisheries acoustics in the early years. The use of acoustics in limnology is potentially high profile, since the application to recreational as well as commercial fisheries could have a long-term positive impact on the wider community. There is an important public relations aspect in our contribution to the effective assessment and protection of limnological resources.
Vessel noise
The effect of the noise radiated by fisheries research vessels on survey results has recently been evaluated by an ICES working group. The conclusion is clear -the designers of fishery research vessels must give serious consideration to the radiated noise problem. The unresolved issue is whether the scientific recommendations will be given due weight by those responsible for the procurement and overhaul of research vessels.
The future
There are some important topics where outstanding problems remain to be resolved. Further research on these issues is required to develop the full potential of fisheries and plankton acoustics.
Target strength
The acoustical reflectivity of fish and plankton is a subject of continuing interest. For the purpose of biomass assessment, there is now reasonable understanding of what target strength means and how it is estimated. Careful experiments to determine target strength allow reasonable confidence in the results of many acoustic surveys, particularly those for common, monospecific stocks. The ICES-FAST study group on target-strength methodology is making a valuable contribution, but we believe their work is only an early step on a long road for the broad field of bioacoustics. Many problems remain to be resolved concerning the dependence of target strength on fish behaviour and the environment. In particular, the issue of single versus multiple targets recognition is not yet resolved. This issue is receiving badly needed attention and progress is being made, but it is clear that additional work and education of the user community is required.
It is not a practical proposition to measure the acoustical reflectivity of all species at all frequencies, in all physiological conditions, environmental circumstances, and behaviours which might occur in the field. A complete solution depends on having a predictive capability that is soundly based on an understanding of first principles. However, present understanding of echo formation from first principles is insufficient to predict target strength for any but a very limited number of species of plankton and nekton. We must struggle to achieve such a capability based on animal morphology, physiology, behaviour, and the physics of echo formation. To do this in a proper and useful way is one of the most critical tasks in fisheries and plankton acoustics. It will require innovative thought, mathematical modelling at a level of detail we have not yet encountered in our field, and new methodology for validation of modelling results. The varied skills required for this task mean that a cooperative effort is indicated.
Species identification
This is the grand challenge of fisheries and plankton acoustics. It will not be accomplished with acoustics alone, but it cannot be accomplished without acoustics. All available information must be integrated in new analytical procedures which will make probabilistic statements regarding the specific cause of the small, strangely shaped, intriguing marks seen on echosounders and sonars.
In spite of the availability of an impressive suite of analytical tools such as neural net processing, expert systems, and new methods of discriminant analysis, we believe that these data-processing aids cannot successfully resolve the problem of acoustically aided species identification without being fed clues with better discrimination capabilities than are available at present. In general, existing survey techniques do not measure many of the features that are necessary for accurate target classification. In the most general case, it may well be impractical to extract good classification clues from an acoustical sensor that is optimized for biomass assessment. A well-established theorem in information theory holds that the information-carrying capacity of a communications channel depends on its bandwidth. Thus, the trend towards the use of wideband systems is likely to be a fruitful approach.
Increasing the bandwidth in acoustical signal processing has the potential to achieve greater overall resolution with an acoustical sensor. In essence, one improves the ability to distinguish the individuals in a school or aggregation and perhaps even the component parts of individual animals. Information so derived provides detail for examining structure, shape, ping-to-ping motion, and fine-scale distribution. In addition to increasing range resolution, there are other dimensions to be explored, such as spectral analysis of echoes using the Doppler effect to reveal target motion and behaviour. This is only a partial list of the ''classification clues'' that should eventually realize the full potential of acoustic methods. Researchers must not despair of the sometimes limited applicability and results of early attempts to use discrimination techniques transferred from other disciplines. Their eventual success depends on the ability to extract well-conceived, efficient, acoustically derived discriminants for classification. Without attention to this area, it will be ''garbage in, garbage out''. We are only at the beginning of a long road towards the identification of fish and plankton by acoustical means. With good discriminants, we should eventually achieve the ability to place accurate probabilities and confidence limits on the identification of species.
Computing and instrumentation
Many of these developments have depended on the availability of cheap computers which are vastly more powerful than those on the market just a few years ago. The processing power of modern computers has had a huge influence on scientific research in general, and the benefits in hydroacoustics have been no less than in other fields. Computing power has led to sonars and echosounders which display more information about what is going on, yet modern acoustic instruments are relatively simple to operate with the assistance of microprocessors which provide menu displays, help screens, and all the rest of it. The data collected from acoustic surveys can be stored in gigabyte quantities, which allow post-survey processing of the results to an extent that was impossible not so very long ago. On the other hand, there are risks in letting computers do more of the work without human intervention. Computers are only as good as the programs which control them, and the programs are only as good as the people who wrote them. Mistakes in computer software can and do occur and the consequences can be disastrous to say the least. It is essential for operational procedures to include checks with human intervention to ensure the results coming from the automatic data collection and analysis are sensible. The time may come when acoustic surveys can be done almost entirely under machine control, but we suggest that that is a development for the long distant future.
The earlier comments on the adequacy of current methods for calibration apply only to conventional survey instrumentation. We anticipate that new research techniques will bring new challenges in calibration. Systems designed to optimally address problems such as near-boundary detection and the classification of targets will not necessarily have the same characteristics as those we rely upon today. We envisage developments in the next decade based on wideband or coded transmissions, parametric arrays, and the use of frequencies much lower and much higher than at present. With further advances in electronics and computer processing, new kinds of multi-frequency and multi-beam systems will become available for routine work at an affordable cost. The measurement standards and parameter definitions applicable to underwater acoustics may need refinement and extension as more sophisticated and specialized systems come into general use.
Education in fisheries acoustics -the next generation
There is an increasing demand for an acoustical component in ecosystem studies involving fish and plankton. This suggests that educational programmes in the conduct and practice of our specialized disciplines must be enhanced. However, it is essential for educators to consider what the actual ''carrying capacity'' of the discipline really is, before training large numbers of people for jobs that may not materialize.
In addition to the personnel needed for traditional resource assessment surveys, it will be necessary to recruit innovative physicists, acousticians, and engineers into the research and development community, to support the evolution of new instrumentation for use in fisheries and plankton investigations. The attendance of many representatives from academia at the Aberdeen Symposium is an encouraging sign of a developing interest in the basic science of our discipline.
Fisheries and plankton acoustics are characterized by an intelligent, careful, innovative, and sophisticated user community which provides a valuable service to ICES and other customers. This community must support basic research on the conception and development of new techniques for the future. The key to progress is new blood with new ideas and approaches.
The Aberdeen Symposium has attracted a significant number of fresh, new, young faces. They have presented valuable scientific contributions. They will form the next generation of fisheries and plankton acousticians. It is likely that many of our generation will soon be seeking a more peaceful life, not including long months at sea in rough weather. But it remains our responsibility to train the young scientists, and to encourage them to pursue fisheries acoustics and related subjects with new perspectives. It could be that the most important outcome of the Aberdeen Symposium is the extent to which it has contributed to that end. PO Box 101, Victoria Road, Aberdeen, AB9 8DB, Scotland, UK. D. V. Holliday: Tracor Applied Sciences, Suite 102, 4669 Murphy Canyon Road, San Diego, CA 92123, USA. Correspondence to MacLennan [tel: +44 1224 876544, fax: +44 1224 .
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